Objectives: This study evaluates the role of interventional radiology (IR) in the management of postoperative complications after pancreatoduodenectomy (PD). Methods: A total of 120 consecutive patients were reviewed to identify IR procedures performed for early complications after PD.
Introduction
Historically, pancreatoduodenectomy (PD) has been associated with high rates of mortality and morbidity in the early postoperative period.
1, 2 In recent years, refinements in surgical techniques and the evolution of high-volume specialist pancreatic centres have been associated with a significant drop in postoperative mortality from historically high levels of 25% to more acceptable rates of <5%. 3, 4 However, the substantial postoperative morbidity rates associated with proximal pancreatectomy have not decreased proportionately and most series have continued to report complication rates of 20-60%. 3, 5 When postoperative complications necessitate further surgery after PD, mortality following re-laparotomy is extremely high and lies in the range of 13-60%. 6 However, considerable advances in radiological techniques and experience have increased the use of interventional radiology (IR) in specialist centres for the initial first-line management of postoperative complications, and this may reduce the need for re-look laparotomy for early serious postoperative complications. 6, 7 Interventional radiology has demonstrated an increasing role in the successful early management of post-pancreatectomy haemorrhage (PPH), 8 postoperative intra-abdominal abscess, biloma and other collections.
Materials and methods
All patients who underwent PD from January 2002 to December 2011 at Ninewells Hospital, Dundee, were reviewed. Data were obtained from a prospectively maintained departmental hepatopancreatobiliary database.
All early and late postoperative complications were identified and reviewed. Early complications were defined as those that occurred within 90 days of the primary operation, or those that occurred prior to discharge from the index admission. In-hospital mortality was defined as death within 30 days of surgery or prior to discharge from the index hospital admission.
Reoperation within the first 90 days post-surgery and length of hospitalization were also recorded. Patients with complications were then reviewed to determine the use of IR procedures after surgery, including: (i) postoperative drainage of an intraabdominal abscess; (ii) mesenteric angiography with or without coil embolization or endovascular stenting for PPH; (iii) radiologically guided peripheral insertion of central catheters for medium-term venous access and parenteral nutrition [in pancreatic fistula (PF) or delayed gastric emptying (DGE)], and (iv) percutaneous transhepatic cholangiography (PTC) (plus internalexternal biliary drain) for bile leak or postoperative biliary stricture.
The surgical techniques used for PD in this patient cohort included classic PD and pylorus-preserving PD. The decision on whether to perform classic PD or pylorus-preserving PD was determined by the individual surgeon. In all patients, pancreaticoenteric reconstruction was achieved using end-to-side pancreatojejunostomy (with no pancreatogastrostomy) as previously described. 10 Two abdominal drains were placed adjacent to the pancreatic anastomosis in all patients and drain fluid was routinely measured for amylase on day 5.
Definitions of complications
Post-pancreatectomy haemorrhage Post-pancreatectomy haemorrhage was defined as postoperative bleeding from the surgical site accompanied by a drop in haemoglobin concentration of >3 g/dl with peripheral circulatory impairment requiring medical intervention. The definition of PPH was that proposed by the International Study Group on Pancreatic Surgery (ISGPS), in which early PPH is classified as PPH occurring at <24 h after the end of the index operation, and late PPH is classified as PPH that occurs at >24 h after surgery. The location of the bleeding is classed as indicating: (i) intraluminal haemorrhage (ILH); (ii) intra-abdominal (extraluminal) haemorrhage (IAH), or (iii) ILH and IAH combined. Bleeding may be either mild or severe. Three different grades of PPH (grades A, B and C) are defined according to time of onset, site of bleeding, severity and clinical impact. Delayed gastric emptying Delayed gastric emptying was graded according to the ISGPS definition. 13 Intra-abdominal abscess An intra-abdominal abscess was defined according to culturepositive drain fluid obtained from a radiologically placed drain in the postoperative period.
Results
A total of 120 PDs were performed during the study period. Patient demographics and indications for surgery are summarized in Table 1 . The indications for surgery were varied and included benign (n = 10) and malignant (n = 110) pathologies (Table 1) . The median hospital stay was 28 days (range: 10-93 days). The overall postoperative mortality rate was 5.0% (n = 6/120), and the overall rate of postoperative morbidity that required further surgical or radiological intervention was 24.2% (n = 29/120). Early post-PD complications are summarized in Table 2 . A total of 24 (20.0%) patients required early re-intervention postoperatively; 21 of these patients had radiological re-intervention and three underwent surgical re-intervention.
Five (4.2%) patients required late re-intervention (at >6 months) for biliary stricture at the bilioenteric anastomosis; in three cases this was caused by disease recurrence and in two by benign strictures. All five patients underwent PTC and brushings. Self-expanding metal stents were placed in the three patients with disease recurrence. In the two patients with benign biliary strictures, the anastomosis was surgically revised.
Interventional radiology
In total, 36 patients developed PF according to ISGPF guidelines (Table 2) . Thirteen (10.8%) patients had Grade B or C PF. Five of these 13 patients subsequently developed an intra-abdominal abscess. In four of these patients, the PF-related abscesses were drained radiologically, but one patient required a re-look laparotomy and completion pancreatosplenectomy for uncontrolled sepsis and multi-organ dysfunction associated with a highoutput PF (Grade C).
Eleven patients had PPH after surgery; PPH was classed as ILH in two cases and as IAH in nine. One patient with ILH was managed conservatively with an upper gastrointestinal endoscopy and blood transfusion, and one required a re-look laparotomy and surgical intervention to oversew significant bleeding from a stapled side-to-side gastrojejunostomy.
In eight of the nine patients with IAH, frank bleeding or bloodstained fluid was observed in the abdominal drain between PoD 3 and PoD 35 (at a median of PoD 23). One patient developed massive IAH at 9 days after discharge from hospital at 48 h after outpatient removal of an abdominal drain (PoD 30). This patient required urgent readmission for computed tomography (CT) angiography followed by mesenteric angiography and coil embolization of a small proximal branch of the superior mesenteric artery (SMA). Of these nine patients with IAH, four patients had an associated infected PF that preceded the onset of PPH.
The nine patients with IAH were classed as having late haemorrhage (>24 h) based on the ISGPS classification and all nine PPHs were considered to be Grade C. All nine patients underwent urgent CT angiography. The bleeding site was identified in eight patients, in whom mesenteric angiography with endovascular vessel stenting or coil embolization was carried out immediately (Table 3) .
Endovascular stent grafting (n = 3) was used to control bleeding sites in the common hepatic artery (CHA) (Fig. 1a,b) . Coil embolization (n = 5) was used to control bleeding originating from branches of the SMA, gastroduodenal artery (GDA) and splenic artery (Fig. 2a,b) . One patient who underwent metal coil embolization to arrest bleeding from a pseudoaneurysm at the GDA stump required a second coil embolization to arrest flow because a CT scan performed 2 weeks after the initial embolization demonstrated persistent flow from the GDA stump into the pseudoaneurysm.
No patient required re-look laparotomy for uncontrolled bleeding after IR and successful stenting or embolization. Overall, one of 11 patients required urgent surgery for management of PPH, eight of 11 instances of PPH were managed by radiological stenting or embolization, and two of 11 stable patients with PPH were managed conservatively. However, mortality associated with PPH remained high and three of the 11 patients in this series eventually succumbed to complications directly associated with PPH. The cause of death was acute kidney injury and renal failure in two patients, and an acute myocardial infarction in one patient. The site of haemorrhage in the three patients who died was the CHA. Sites of bleeding, types of intervention and outcomes for all patients who underwent mesenteric angiography and embolization or stenting are summarized in Table 3 . Indications for all postoperative IR procedures are summarized in Table 4 .
Surgical intervention
Five of the 120 (4.2%) patients required surgical intervention. Three (2.5%) patients required surgery early in the index hospital admission for postoperative complications that included oversewing a staple-line for ILH (n = 1), completion pancreatectomy for PF (n = 1) and small bowel resection for acute small bowel volvulus (n = 1). Two patients required surgical intervention in the Table 2 Early postoperative complications after pancreatoduodenectomy (n = 120) form of hepaticojejunostomy in the medium term for late benign biliary strictures at the bilioenteric anastomosis.
Three (2.5%) patients required urgent re-look surgery for serious early postoperative complications after PD, and a further 21 (17.5%) patients required rapid access to diagnostic and interventional radiology for the management of early complications.
Discussion
This study has shown that the majority of procedure-related complications after PD can be managed by IR so that surgical re-intervention is required in only a small percentage (2.5%) of patients. In the present study, rapid access to specialist IR proved to be successful for the urgent first-line management of postoperative complications in most patients, and reduced the need for urgent re-look laparotomy that is historically associated with high rates of morbidity and mortality. 6 The beneficial role of IR is increasingly recognized in the management of postoperative complications after colorectal surgery, 14 oesophagogastric surgery 15 and bariatric surgery. 16 However, the potential benefits to the patient are even more significant in pancreatic surgery, which carries an inherent risk for significant postoperative morbidity in 20-60% of patients.
Interventional radiology is increasingly recognized as having a significant role in the management of complications that arise after pancreatic surgery 7, 17 and should be considered an integral component of specialist pancreatic surgery centres. In the present study, the urgent 24-h availability of IR proved invaluable in the early postoperative management of serious intra-abdominal complications, such as intra-abdominal abscess and PPH. Imageguided percutaneous drainage is a well-documented standard of care for post-surgical causes of intra-abdominal abscess. 7 In one institutional review, intra-abdominal abscess was identified as the most common indication for IR after PD and a small proportion of treated patients required a second radiological re-intervention with IR for the further drainage of peripancreatic collections. 7 Overall, 86% of patients with intra-abdominal abscesses were managed successfully with IR without the need for reoperation. This is similar to findings in the present study, in which four of five patients with peripancreatic collections were successfully treated with IR and percutaneous drainage. It is well established that concurrent intra-abdominal sepsis associated with PF increases the risk for the formation of pseudoaneurysms and PPH and therefore a high index of suspicion for PPH is warranted in the presence of an infected PF, which should be managed aggressively with the radiological drainage of all associated peripancreatic collections and appropriate antibiotic therapy. 18, 19 Standop et al. 6 reviewed the indications for re-look surgery after PD and identified early postoperative extraluminal bleeding (PPH) and intra-abdominal abscess as the two main indications for surgical re-intervention, with associated patient mortality of 13%. In the present series, PPH and intra-abdominal abscess were successfully managed with IR in >90% of patients. However, one patient with severe ILH and one patient with an intra-abdominal abscess required index admission re-look laparotomy; these patients required over-sewing of a stapled gastroenterostomy and completion pancreatectomy, respectively. Similar observations were noted in another study that assessed the role of IR after PD. Sohn et al. 7 presented a series of 1062 patients, 12% (n = 129) of whom required postoperative IR. Nineteen of these 129 patients required surgical re-intervention after IR for uncontrolled PPH or further surgical drainage of an intra-abdominal abscess. 7 It is well established that PPH is associated with significant morbidity and mortality, especially when further surgery is required to control the bleeding. 19, 20 However, IR has been shown to rapidly control bleeding in the majority of patients with both early and late PPH and appears to be associated with a significant reduction in PPH-associated mortality. 20 The data from the present study show that IR can be extremely helpful in establishing rapid control of IAH, even in the presence of PF: in eight of nine patients IAH was successfully controlled by endovascular techniques, with no subsequent re-bleeding, emergency angiographic re-intervention or salvage laparotomy. However, one patient with PPH did require a second elective endovascular coiling of the GDA stump because a follow-up CT scan showed minor extravasation of contrast at 2 weeks after the initial embolization of the GDA stump and pseudoaneurysm.
In summary, major pancreatic resectional surgery is associated with lower rates of mortality in specialist pancreatic centres, but PD continues to be associated with considerable morbidity. It is increasingly recognized that IR has a significant role to play in the immediate management of early procedure-related postoperative complications (PPH, PF), and that early re-look surgery is required in a small but significant percentage of patients.
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